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SUMMARY 


The purpose of this publication is to discuss grounding mediums and the phases 
of grounding related to corrosion and cathodic protection. The material presented 
is believed to contribute to a better understanding of this subject. It also indi- 
cates more effective methods of reducing corrosion damage to metal structures and 
equipment in the mining industry by cathodic protection. The authors do not intend 
to discuss technical aspects but rather to explain the general principles of this 
method of inhibiting corrosion. The relationship between soil resistivity, protec- 
tive grounding, and corrosion is presented. 


Corrosion causes the annual loss of billions of dollars; which can be greatly 
reduced. Losses in the mineral industry can be excessive owing to the extensive 
use of direct-current power, the presence of considerable dampness, and the fre- 
quent, indiscriminate use of dissimilar metals. 


Corrosion due to stray currents can be reduced by properly integrating all 
metal and providing an adequate return in direct-current power systems. Insulat- 
ing couplings can eliminate stray-current circulation where spot protection for 
equipment is needed. Grounding systems that are designed well and minimize the use 
of dissimilar metals help to lessen corrosion by galvanic-cell action. 


Cathodic protection using either galvanic or electrolytic anodes has proved 
effective in preventing corrosive action and could be used to protect many metal 
structures in the mineral industry. This type of protection is now widely used 
by many industries with excellent results; more extensive use of it by mining 
companies appears desirable. 


INTRODUCTION 


Grounding of electrical equipment and metal structures for the purposes of 
protecting personnel from shock hazards, preventing damage to equipment, and mini- 
mizing property loss has been generally accepted by industry. Nevertheless, 
grounding as a safety measure has become a most controversial subject because of 
the varying opinions among supervisory, operating, and engineering personnel. 

Most differences do not appear to stem from questioning the desirability or feasi- 
bility of grounding as a safety measure but rather from disagreement on the system 
or, more often, the mediums to be used. Generally speaking, electrical grounding 
has been accepted as a safety measure and is practiced in various forms to various 
degrees in mining, manufacturing, petroleum and its related industries, and elec- 
trical utilities. 


Although company and safety-code requirements for grounding vary for each 


industry, the basic principles are the same. Electrical grounding systems are de- 
signed to provide a path for fault currents to earth, to a given grounding mediun, 
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or to provide means for neutralizing electrostatic charges, which equalize differ- 
ences in potential levels with reference to ground or reference levels. For the 
types considered in this discussion, the earth is the usual grounding medium; soil 
conditions adequate for grounding requirements are of primary importance. 


It should be pointed out, however, that the very requirements that make a 
grounding system or medium satisfactory, from the standpoint of shock hazards, such 
as conductivity and ability to absorb or dissipate static charges or stray electric 
currents, may be the most detrimental factors when corrosion is considered. The 
earth's properties as a grounding medium and grounding systems in general are obvi- 
ously integral parts of corrosion prevention. 


Underground corrosion has too often been taken for granted. In many instances 
preventive measures have been delayed until considerable damage has resulted. In 
effect, corrosive action is the tendency of refined metals to revert to their orig- 
inal forms as ores or compounds, thus reaching a state that is most stable under 
given conditions. This action can be detected by the presence of neeey ase action 
or flow of electric current from the metal to the surrounding medium.3/ Since 
chemical actions usually set up potential differences, a flow of current would be 
induced by such actions; conversely, a flow of current between dissimilar substances 
results in chemical action. Consequently, the flow of electric current plays a 
major role in corrosive action and resultant damage. Cathodic protection is basic- 
ally the technique of providing a flow of current in an opposite direction to the 
flow of current induced by natural corrosion, thus mitigating or totally abating 
the action of natural corrosion. 
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SOIL RESISTIVITY 


The surface of the earth is composed of various materials, which differ 
sharply in their ability to conduct electric current. Because of this widely dif- 
ferent electrical conductivity or ability to resist the passage of electric currents, 
the so-called resistivity varies not only locally in different sections of the coun- 
try but also in depth from the surface. Several factors, such as moisture, composi- 
tion, and texture, affect soil resistivity; moisture is perhaps the most decisive. 


Various methods and instruments are used to determine soil resistivity, which 
is usually expressed in ohm-centimeters (ohm-cm.); an ohm-centimeter, essentially a 


3/ Correlating Committee on Cathodic Protection, Cathodic Protection: Nat. Assoc. 
Corrosion Eng., July 1951, p. l. 
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unit of volume resistivity, is the resistance, in ohms, of a unit conductor having a 
cross-sectional area of 1 square centimeter and 1 centimeter in length. The Wenner 
method for measuring earth resistivity, developed in 1915, is usually employed. 

This method, as originally developed, utilizes four electrodes placed in holes on a 
straight line. The electrodes are spaced evenly and placed at approximately the 
same depth in the holes, making contact with the soil only at the bottom of the 
holes. Two electrodes (the outer pair, for instance) may be used as current elec- 
trodes and the other two as potential electrodes (see fig. 1). Soil resistivity 
can be calculated from the distance between electrodes and the measured resistance. 
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Figure 1. - Wenner method for earth-resistivity measurements. 
Two current and two potential electrodes are used. 


A typical field setup of a four-point method for measuring soil resistance is 
shown in figure 2. This method is a variation of the Wenner method, using 125- 
volt, 97-cycle current to eliminate interference. The depth of average soil resis- 
tivity measured is determined by the spacing between the reference rods, but the 
depth of the rods in the ground does not enter into the calculations. The elec- 
trodes used are copper pins inserted in the ground. [It is unnecessary for them to 
make contact at the bottom of the holes only, as in the original method. 


4/ Wenner, Frank, A Method of Measuring Earth Resistivity: Sci. Papers and Bull., 


vol, 12, July 1915, pp. 469-478. 
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Figure 2. - Field setup of four-point soil-resistance measurement, Rods C, and C, 
are the current electrodes and rods V, and V, are the potential electrodes. 


Data on soil resistivity not only are important in the design of cathodic pro- 
tection systems but, in the opinion of some corrosion engineers, may be used as an 
index of corrosion severity. For example, areas having soil resistivity under 900 
ohm-cm. are considered to produce very severe corrosion; soils with 2,000 to 5,000 
ohm-cm. resistivity can be classed as moderately corrosive; and those of over 5,000 
ohm-cm. resistivity usually are mildly corrosive.) 


Generally speaking, the soil electrical resistivity decreases with depth; this 
unit-volume-resistance decrease, as previously mentioned, is normally due to mois- 
ture content. Some localities show a marked decrease: Boston, Mass., averages 
60,000 ohm-cm, from 2 to 6 feet and about 7,000 ohm-cm. from 8- to 12-foot depths; 
New Orleans, La., shows soil resistivity of 800 to 350 ohm-cn.; Peney> Colo., is 
within the 3,000- to 1,200-ohm-cm. range in the 2- to 12-foot depth.& 


Regardless of the wide resistivity limits within which the materials composing 
the earth's crust fall, relatively speaking the earth does not offer a prohibitive 
resistance to the passage of electric current. Therefore, the earth is often used 
advantageously as a return conductor for electrical grounding systems and communi- 
cation systems and for cathodic protection. The earth's property of conducting 
electric current can be misused, however, when it is utilized as a power-return 
conductor in operating equipment. An example of such misuse was the power-distribu- 
tion system in a small coal mine, where single-phase, 110-volt, alternating-current 


5/ Waters, F. 0., Soil-Resistivity Measurements for Corrosion Control: Corrosion, 
vol. 8, No. 12, December 1952, pp. 407-409. 

6/ Schaefer, L. P., Electrical Grounding Systems and Corrosion: Trans. AIEE, 
vol. 74, part 2, Paper 55-111, May 1955, p. 76. 
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power was provided for lighting and operating handheld drills by connecting 1 con- 
ductor to the 220-volt power-feeder line and the other conductor to the earth. 
This was made possible because of the grounded center tap on one of the main dis- 
tribution transformers on the surface. Ground connections were made through a 
ground rod and the frame of a car-spotting hoist situated at a wet loaderhead. 

No continuous power-return conductor was provided to the surface transformer. 

Such a practice is unquestionably dangerous, not only because of the shock hazard 
that it introduces but also because of possible damage to equipment and ineffi- 
client operation of the electrical apparatus. 


GROUND-RESISTANCE MEASUREMENTS 


When the subject of protective grounding is discussed, the term “effective 
grounding" is often used. This is a general term; when referring to protection 
from shock for personnel, it means establishment of a low-resistance path to earth 
that will have enough carrying capacity to make the safety overload-protective 
devices operative in case of a fault and to prevent establishment of unsafe poten- 
tials. The National Electric Code// sets up requirements for effective grounding, 
as follows: 


The path to ground from circuits, equipment, or conductor enclosures 
shall be permanent and continuous and shall have ample carrying capac- 
ity to conduct safely any currents liable to be imposed on it, and 
shall have impedance sufficiently low to limit the potential above 
ground, and to facilitate the operation of the overcurrent devices 

in the circuit. 


These requirements refer to normal grounding for shock protection of personnel 
from equipment or parts of equipment that may become "alive" through contact with 
electric circuits or energized parts. They are not intended to cover grounding as 
applied to reducing or eliminating hazards caused by electrostatic charges. In 
hospital operating rooms and other hazardous places, grounding to neutralize elec- 
trostatic charges is accomplished through conductive wheels or tips; relatively 
high resistances are permitted in the neutralizing circuits. For instance, maximum 
values of resistances in charge-neutralizing circuits up to 500,000 ohms are con- 
sidered acceptable; this is the safe upper limit recommended for conductive floors 
in hospital operating rooms by the National Fire Protection Association and the 
Government Committee on Explosions in Hospital Operating Suites. Other recommended 
maximum resistances are 250,000 ohms for shoes of operating-room personnel and 
250,000 ohms for single leg tips, tires, or coasters of equipment. In such equip- 
ment, when 4 points of contact in parallel are considered,8/ the resistance would 
be 62,500 ohms. Those values are for conductive contacts to floors for neutralizing 
static charges and should not be confused with the minimum requirement of 25,000 
ohms between the floor and ground or between 2 electrodes placed 3 feet apart on 
the floor9/ for minimizing shock hazards from possible defects in electrical 


equipment. 


In industry it is generally desirable to establish a grounding medium that has 
less than 3.0 ohms resistivity with reference to earth when shock hazards are 


7/ Abbott, Arthur L., National Electric Code Handbook: Art. 250, sec. 2551, 
1954, p. 127. 

8/ Guest, P. G., Sikora, V. W., and Lewis, Bernard, Static Electricity in Hospital 
Operating Suites; Bureau of Mines Bull. 520, 1953, p. 52. 

9/ National Board of Fire Underwriters, Recommended Safe Practice for Hospital 
Operating Rooms: Pamph. 56, July 1952, p. 13. 
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considered; however, grounding lightning arresters to rods having a resistivity up 
to 25 ohms is acceptable. 


The foregoing discussion makes it obvious that, in grounding systems, the 
grounding medium plays an important role. If such a medium is to be effective, 
it should be able to provide for the system a resistance to ground, within the 
required range, that will not fluctuate beyond predetermined limits. It is evi- 
dent, therefore, that the stability of the grounding medium is the main factor 
that determines its suitability. 


As pointed out previously, the moisture content in the soil determines the 
degree of its resistivity; similarly, it was reasoned that moisture in the soil 
would affect the resistivity with reference to earth of the grounding mediums. 

In order that a better rare may be obtained of the degree of such fluctuations, 
if any, Bird and smithlO/ conducted extensive studies at various California oil- 
field installations. The tests were made during the normally wet season in March 
and April and in the dry season in August. Tables 1 through 9 give the data ob- 
tained. Two separate sets of tests were made at the same locations, and test set- 
ups and conditions were duplicated as nearly as possible. Tables 1, 3, 7, and 9 
on well derricks show a definite and consistant increase in the resistivity during 
the dry season. It should be pointed out that the resistivity of only one well, 
Hartman No. 16 (table 7), did not increase during the dry season. The adobe-type 
soil at the location of this well was apparently able to retain moisture. Most 
wells increased 300 percent in resistivity during the dry season, and well 6-16Q 
(table 3) increased 3,700 percent. 


It is interesting to observe that the tank installations did not show any 
appreciable increase in resistivity and in some instances showed a decrease. 
Nevertheless, these data in table 2 cannot be considered as indicative of a 
trend, because the tanks had been rebuilt between tests. An inconsistency was 
noted during the tests; the Taylor No. 7 tanks in the river bottom showed an 
increase, but the rest of the farms showed a decrease, even though the Taylor 
No. 18 farm was on a hill. 


The data obtained definitely show that moisture contributed to the lowered 
resistivity and the establishment of a better ground contact between the ground- 
ing mediums and earth; they also show that individual grounding rods or independ- 
ent systems are not as effective as systems of several interconnected components. 
This second conclusion is consistent with Bureau of Mines studies in mines in 
other sections of the United States. Griffith and Gleimll/ found that driven rods 
and pegs, unless part of a network, contribute little, if any, to effective 
grounding of equipment when protection from shock is considered. Another interest- 
ing observation is that their testsl2/ indicated that salt used in placing the rods 
or pegs in the hole, lowered the resistivity but not enough to justify its use. 


Resistivity measurements made in various western mines ,13/ which are tabulated 
in table 10, also bear out the desirability of using a network of various grounding 


10/ Bird, J. Howard, Bureau of Mines, and Smith, Emory, California Department of 
Industrial Safety, Resistance to Ground Test: Unpublished rept., 1950. 

ll/ Griffith, F. E., and Gleim, E. J., Grounding Electrical Equipment in and 
About Coal Mines: Bureau of Mines Rept. of Investigations 3734, 1943, 
pp. 8-9. 

12/ Work cited in footnote 11, p. 6. 

13/  Dimitroff, A. Z., Electrical Survey Reports. 


Google 


mediums rather than individual rods or pegs. The track in mines, for instance, con- 
sistently shows low resistivity with reference to earth and normally will provide a 
most effective grounding medium for use in safety~frame grounding of equipment. 

The made ground of mine A (table 10) shows a resistance 20 times higher than the 
resistance of the track to ground, although the coil of wire making up the grounding 
component was buried in a creek bed that had water throughout the year. This incon- 
sistency is similar to that observed by Bird and gmithl4/ at the Taylor No. 7 well 
(table 2). The individual grounding rods of the blower fan and circuit breaker of 
mine B show resistances much higher than the track. In mine C the resistance of 

the roof-bolt channel held by 4 bolts is 34 times lower than the single-roof-bolt 
resistance in the same location. 


The desirability of more than one rod for grounding is also substantiated by 
the data listed under ground rods for mine F (table 10). By driving a second 
grounding rod in the vicinity of the first rod and bonding the two rods, the resis- 
tivity was reduced more than half. 


The resistance measurements in table 10 are listed because they represent 
typical underground measurements and give data on often controversial arguments 
concerning the effectiveness of grounding mediums, It is needless to point out 
that only measurements with proper instruments can determine the effectiveness of 
grounding connections and that the suitability of a grounding medium can also be 
determined only by periodic measurements that will indicate the resistance fluctu- 
ations, if any. 


CATHODIC PROTECTION 


Protection from corrosion is not generally given enough consideration by the 
mining industry, perhaps because the theory of corrosion is not fully understood. 
It should be pointed out, however, that the actual annual damage due to corrosion 
totals billions of dollars. Any estimate, however high, will necessarily be con- 
servative because the indirect costs of corrosion damage are obviously beyond the 
scope of estimating. The various damage-cost estimates made heretofore vary widely. 
One estimate, which includes not only actual metal loss but also maintenance costs, 
claims a yearly loss of $5,500,000 ,000L5/ in the United States from corrosion. 
This same source estimates the annual loss to the world from wasted iron and steel 
alone at 600,000,000 pounds sterling. 


Because of the rather complex nature of corrosion theory and for the sake of 
simplicity, only electrochemical corrosion will be considered. This type of corro- 
sion is the main offender when buried structures are considered. Nevertheless, it 
should be observed that, in the final analysis of corrosive action, virtually all 
corrosion involves electrochemical action. Even surface oxidation of metals is 
believed to be of electrochemical nature .16/ According to the electrochemical 
theory of corrosion, the damage results from detachment or replacement of ions 
from the metal surface involved. This action involves an actual flow of electric 
current induced by an electromotive force or simply the establishment of a poten- 
tial difference, which induces a transfer of ions. 


14/ Work cited in footnote 10, p. 6. 

15/ Thomson, A. G., The War Against Corrosion: Min. Jour., vol. 240, No. 6137, 
Apr. 3, 1953, pp. 388-390. 

16/ Greathouse, Glenn A., and Wessel, Carl J., Deterioration of Materials: 
Reinhold Publishing Corp., New York, N. Y., 1954, pp. 239-258. 
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An example of a metal-ion-displacement type of corrosive action is the practice 
of "leaching" copper by passing acid mine water containing copper sulfate over scrap 
iron, These reactions are chosen because they illustrate very high consumption of 
iron, In leaching copper the principal reactions are:17/ 


CuSO, + Fe -» FeSQ, + Cu, 
Fe, (SO,), + Fe -+ 3 FeSO,, 


H,50,, + Fe +s FeSO, + H 


The type of corrosive action illustrated above should not give the impression 
that high acidity of the soil or a highly chemically active electrolyte is essen- 
tial for corrosive action. A galvanic effect, for instance, results when dissim- 
ilar metals are buried in the ground. [In such an instance the soil acts as the 
electrolyte. Figure 3 illustrates this phenomenon. 


t 
] 
| 


Seen — —_—  —« 
— _ —_ 


Electrolyte 
(soil) 


fypee tt 


TTT 
( 


(Pb 


Figure 3. - Galvanic-cell action due to buried dissimilar metals. 
Current flow in soil will be induced from the anode 
toward the cathode. 


Since lead is above copper on the electromotive series ,18/ it is anodic with 
respect to copper, which is more noble, and a current flow will be set up from the 
lead to the copper. Thus, the copper will corrode the lead by merely being in its 
proximity. By the same reasoning, if magnesium and iron are buried in the ground 
and electrically connected, the magnesium will be corroded by the iron, or, stated 
differently, the magnesium will provide protection for the iron by setting up a 
potential difference that will tend to induce a current flow toward the iron mass. 


17/  Wartman, F. S., and Roberson, A. H., Precipitation of Copper From an Acid Mine 
Water; Bureau of Mines Rept. of Investigations 3746, 1944, p. 15. 


18/ Lange, N. A., Handbook of Chemistry, 7th ed., Handbook Publishers, Inc., 1949, 
p. 1106. 
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Dissimilar metals are not essential, however, for a galvanic-cell type of cor- 
rosive action. A galvanic-cell effect involving only one type of metal, may also 
result from a variation of the soil resistivity or merely from the difference in 
oxygen concentration. Differences in oxygen concentration will tend to set up gal- 
vanic action that is characterized by an anodic area in the oxygen-deficient portion. 
Figure 4 illustrates such a cell. Because the lower portion of the steel mass would 
be anodic with respect to the upper portion, which would be cathodic, current would 
flow as shown by the arrows, and the corrosive action effect would be confined to 
the lower portion. The discussion and illustrations of galvanic-cell effect show 
that, when two electrodes are involved the cathode is protected from deteriorating 
or corroding at the expense of the anode. Consequently, a metal structure that is 
made the cathode of a cell can be protected from corrosion, because damage results 
at the point or points where the electric current leaves and not at points where it 
is received. Twenty pounds of iron and 70 pounds of leadl9/ may be lost at such 
points by the action of 1 ampere of electric current over a 12=month period. The 
term "cathodic protection" is descriptive of the protective method, since it implies 
that the protection is accomplished by making the structure to be protected the 
cathode of a cell, thus receiving the current. Even though such protection was sug- 
gested as early as 182320/ in conjunction with ship-hull protection, its extensive 
use has been developed only recently. Cathodic protection is usually accomplished 
by using two types of anodes, the galvanic anode or an electrolytic anode. 


Anchor 


Cathodic area 


7 / Anodic area 
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Figure 4. - Galvanic action due to differences of oxygen concentrations. 
The oxygen-deficient lower portion is anodic with respect 
to the upper portion, 


Galvanic Anodes 


The galvanic anode, when used, is of a metal less noble or higher on the 
electromotive series. Thus, when connected to the metal structure that it is to 
protect, it becomes the anode of the cell, providing protection to the structure 
at its expense (deterioration). These anodes are commonly referred to as "sacrifi- 
cial" anodes. When they are used, they operate automatically without the need of 


19/ Work cited in footnote 3, p. 2. 
20/ Dow Chemical Co., Midland, Mich., The Magnesium Anode: vol. 1, No. l. 
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external power. For this reason, use is made of them in isolated places or to pro- 
tect individual structures for which it is not desirable to provide electric power. 
Galvanic anodes are most commonly used to protect tower footings, brine-storage 
tanks, and water tanks. To protect industrial black-iron hot-water tanks, brine 
tanks, and home heaters, magnesium anodes are commonly installed in the tanks. For 
external protection of tanks in contact with the earth, the anodes are buried near 
by. It is interesting to note that the electrical energy potential of 1 pound of 
magnesium is approximately 1,000 ampere~hours ,21L/ about one-half of which may be 
considered as useful energy in actual practice. This amount of energy can provide 
considerable protection, since the current values per square foot of surface to be 
protected are 0.01 to 5.022/ milliamperes. The current density is governed by the 
type of surface of the structure protected; that is, whether it is bare or insu- 
lated. Factors that govern cathodic protection installations and energy required 
are: The area of surface exposed to corrosion, the soil resistivity involved, the 
type of surface, and the current density. 


Electrolytic Anodes 


In cathodic protection, when electrolytic anodes are used, electrical energy 
must be provided in the form of direct current from an external source. Rectifiers 
of various sizes and motor-generator equipment are used as sources of energy. This 
type of protection is generally used where considerable surface is to be protected 
and is extensively employed to protect pipelines. The authors believe that better 
understanding of the principles involved can be obtained if an existing system is 
used as an example; consequently, reference will be made in this section to the 
cathodic protection practices of the El Paso Natural Gas Co. All references will 
be limited to practice and experience of that company's San Juan Division, with 
headquarters at Farmington, N. Mex. This system was chosen because it is a typical 
cross-country pipeline protective system and also because, due to its location, 
problems from interference, such as would be found in congested industrial areas, 
are not present. 


The main lines of the San Juan Division, consisting of 1,800 miles of 24- and 
30-inch pipe in New Mexico and Arizona, distribute natural gas in these 2 States 
and deliver it to the California State line. By September 1956 cathodic protection 
had been provided for 75 percent of these main-line installations, and full coverage 
was anticipated. Secondary and gathering pipelines were protected only at trouble 
spots, except for on unusually corrosive field, which had full protection. Direct- 
current power was provided by 55 rectifier units of various sizes. Figures 5, 6, 
7, and 8 show typical rectifier installations. Figure 5 is a view of a large recti- 
fier unit used at a plant installation; figure 6 shows a totally enclosed unit de- 
signed for use in hazardous locations. Figure 7 pictures a complete field installa- 
tion. The meter on the ground next to the short, square post in front of the power 
pole is not part of the permanent installation. The short post supports the termi- 
nals of the direct-current feeder cable and makes measurements more convenient. 
Figure 8 is a closeup view of the rectifier proper. Where cathodic protection is 
provided for pipelines on the field, 100-percent corrosion protection is expected; 
however, at plant locations only about 80-percent corrosion protection is consid- 
ered within the practical scope. The numerous pipes and metal structures in the 
ground, because of their position with respect to each other, tend to shield some 
sections and prevent proper distribution of current. In new installations where 
extensive networks of pipes are to be used, proper grouping and bonding of pipelines 


21/ Work cited in footnote 20, p. 9. 
22/ Dow Chemical Co., Midland, Mich., The Magnesium Anode: vol. 2, No. 2. 


Google 


11 


can doubtless minimize cathodic-protection problems. In extremely congested, under- 
ground areas where weather conditions and the substance handled through the pipe- 
lines are such that aerial suspension is possible, the current required and problems 
connected with its proper distribution can be alleviated by such installations. 


Figure 9 shows network of pipelines, some of which had been taken out of the ground 
and aerially suspended during a plant-expansion program. 


Ree Sonn a ON 


Figure 5. - Plant-rectifier installation. View of large rectifier unit showing 
cable terminal block. 


When external power in the form of direct current is used, it is supplied to 
the structure to be protected through anodes or “anode beds."" The negative conduc- 
tor is welded to the structure, and the positive conductor is connected to the 
anode. The term "anode bed" refers to two or more anodes that are interconnected 
and operated as a unit. The number of anodes used is determined by the current 
required and its distribution. The El Paso Natural Gas Co. limits the current per 
anode to a 4-ampere maximum. [In plants, anodes are distributed throughout the area 
according to anticipated current-density demand. A definite pattern is not followed, 
except that anodes are not installed closer than 10 feet to any pipelines or other 
buried structures that are to be protected. Anode beds used for pipeline protection 
are laid out in an "H" pattern. The anodes are installed along the two parallel 
lines and interconnected with low-voltage buried cable that is carried underground 
to the rectifier or generator. Figure 10 shows a typical cathodic-protection field 
station of the type used in areas where electric power is not available. The anode 


bed shown and its location with respect to the pipeline are essentially the same 
for either type of field-station installation. 
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Figure 6. - Totally enclosed rectifier unit. Approved for use in hazardous 
locations. Covers for meters are on top of unit. 


In order to obtain good distribution of current, the anode beds are placed not 
closer than 350 feet at a right angle to the pipeline. The average bed consists of 
20 graphite anodes. The size of anode is not standardized, and both 3- by 60-inch 
and 4- by 80-inch graphite rods are used. Anodes are installed underground either 
horizontally or vertically. Figure 1123/ illustrates a method of anode installa- 
tion for either position. The coke-breeze backfill is used to obtain more contact 
surface, which results in lower resistance. This method of installing the graphite 
essentially increases the anode life. A well-insulated positive conductor cable to 
the anodes is essential because slight damage to the cable will result in leakage 
of current. 


23/ Redrawn from El Paso Natural Gas Co. drawing 1200.10-X-17, Ser. B 9272. 


piatizes ty (GOOgle _ Ege rom 


HE OHIO STATE UNIVERSITY 


13 


‘apDW 31D Sals4jue BDUDUWOJEd 1D] 
enbas 2494M ‘J9A0D UO YOOGA4OU pl0daJ 
SINON “4IUN 1911494 Pjaly yo dnasol) - °g aunbiy 


7 


OTs bento eee 
7 : av 


rea AP 
py bs 


<5 
if 


*8|GD|IDAD Ss! 49M0d 
D144J99/9 SJBYM SDBID U! UO!}D{|DySu! | 
J91$14D94 Pjaly [DIIGAY ayajdwod yo MalA - */ aanbiy 


| from 


=f 
i 


Origina 
"TF. 


cC | , 
J tal 


, 
| 
l 


OH 


THE | 


Goxc gle 


Z 


Digitized by 


14 


— —— | Tee 
“S SNe —— -— ogee 
BS ~ NS 


ys 


ore 


By i 


Figure 9. - Aerial suspension of pipelines. In congested underground areas such suspensions 
reduce protective-current demands and the shielding effect. 
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Facets of a Cathodic Protective System 


It is obvious from the discussion so far that, owing to the nature of this type 
of protection, the actual cost will be governed to a great extent by the electric- 
power demand whether galvanic or electrolytic anodes are used. The type of surface 
to be protected, therefore, will be a primary factor in determining protection costs. 
Bare metal surfaces can have current demands that will make cathodic protection 
uneconomical. In pipeline protection a good insulating coating is desirable. 
Figure 12 shows a new pipeline installation ready for covering. The crosspipe in 
the excavation is insulated with coal-tar enamel, while the newly installed lines 
have been wrapped with polyethylene tape. If corrosion is due mainly to the out- 
ward flow of stray or natural currents from a structure, it is logical that pro- 
tective insulating coatings will reduce such current movements and the counter- 
currents necessary to nullify them. The question “Why cathodic protection if 
pipelines are thoroughly insulated?" may arise in the reader's mind. El Paso 
Natural Gas Co. has found that coated pipes develop leaks even faster in spots 
than bare lines, because of concentrated local corrosive action. A 10-year record 
of one of the company's protected lines, on the other hand, has shown no corrosion 
leaks while spot leaks developed on unprotected lines within a year. 


This publication does not discuss in detail the actual field methods and deter- 
minations necessary in designing a cathodic-protective system. Nevertheless, the 
commonly accepted criteria for an adequate protective system should be mentioned. 
Because of the virtual impossibility of measuring actual corrosive-current values 
at various points on a structure to be protected in order to determine the counter- 
current values required, corrosion engineers usually apply trial current values to 
the structure through temporary equipment. After the proper protection values 
needed have been established on this temporary basis, permanent installations are 
made. This is desirable also because the initial current requirements frequently 
are much larger than normal requirements for adequate subsequent protection. The 
accepted values for adequate protection, based on practical experiences, are deter- 
mined on the basis of potential differences between the structure to be protected 
and earth. Such measurements usually are made with the aid of a half cell, which 
provides a good reference electrode; figure 13 shows a measurement being made with 
a copper sulfate half cell as the reference electrode to earth. The half cell is 
immediately at the right of the tumble weed in front of the meter on the photograph. 
The current values used by El Paso Natural Gas Co. for pipeline protection are such 
that pipeline potential will be limited to a maximm of <2.5 volts and a -0.85-volt 
minimum with respect to earth as measured to a copper sulfate half cell. This is a 
commonly accepted minimum value employed24/ for steel structures by corrosion engi- 
neers. Potential differences higher than that (-1.10) are used for galvanized 
materials and values of -0.05 volts are generally used for lead cable~sheaths. 


STRAY CURRENTS, BONDING, AND PROTECTIVE GROUNDING 


The corrosion picture, as presented so far, has been viewed only from the nat- 
ural-corrosion side. Stray electric currents, though not present in many industries, 
do real damage in mines and should be given due consideration. Because of the ex- 
tensive use of direct-current electrical equipment in and about mines, corrosive 
damage from stray electric current is always present. Such damage can become seri- 
ous in a relatively short time. [In one instance of stray-current damage25/ cited 


24/ Correlating Committee on Cathodic Protection, Cathodic Protection: Nat. Assoc. 
of Corrosion Eng., July 1951, p. 14. 


25/ Clarke, C. D., and Reinberg, G., Corrosion Problems in Pumping Acid Mine Water: 
Min. Eng., vol. 8, No. 8, August 1956, pp. 821-825. 
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Figure 12. - Underground pipelines, insulated with polyethylene tape, ready for covering. 
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Figure 14. - Voltage measurement at insulated coupling. Meter leads are connected to 
flange on main pipeline side and to flange of well pipe. 
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by a mining company, mine-pump maintenance costs increased more than 120 percent of 
normal within 1 year, and at times pumping equipment needed reconditioning after 2 
weeks of operation. Damage was determined to have been caused mainly by stray cur- 
rents from the 250-volt, direct-current mine-haulage system. 


or i f.- JS : a . —s- pein © A 
io hoe BR Sp ES 2 ee eee LAR 
5 py at 5 » 4. «3rwn “a 
= bis ,< i ae . Jr. wy . uy * ? x 
~ \ ARE OP a r 
. et - : ‘t~ Kr 475 Ld wee ae - . " 
. “ / : or fw 


Figure 15, - Uncovered underground pipe system. Arrow points to bond at pipe crossing. 


Often the power return of trolley-locomotive haulage systems is not ade- 
quately considered, Many systems use the track as a power-return conductor with- 
out additional copper or aluminum, [In such instances, lack of an effective track 
bonding and maintenance program will obviously intensify circulation of stray cur- 
rents, Such a condition is not only undesirable from the power-distribution point 
of view but also because of corrosion damage due to stray currents, In mines where 
considerable electric power is used, integration of all metal - water lines, air 
lines, metal cable sheaths, and cable armor - is considered good practice, Thus, 
the metal can be kept at earth potential by connecting it at regular intervals to 
the grounding medium, (Airdox lines are an exception.) This practice tends to 
minimize the establishment of potential differences, will minimize the possibility 
of arcing, and will provide shock protection for persons, However, it does not 
eliminate circulating currents, In Airdox systems, for instance, where circulating 
currents are undesirable, it is common practice to use insulating couplings at 
regular intervals, These couplings can also be used to advantage to insure isola- 
tion of a piece of equipment (a pump, for instance) where corrosive damage can re- 
sult owing to electric current. Figure 14 shows a voltage measurement being made 
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at such a coupling. Here the coupling is being employed to isolate a well casing 
from the main line to prevent it from “hogging" the protective current. Proper 
integration of metal structures that are being cathodically protected will also 
prevent shielding. Figure 15 shows a point at which pipelines cross. At such 
points and places where one set of lines tends to shield another set of lines or 
a structure, it is a common practice to bond the lines and structures. 


Because both cathodic-protective systems and shock-protective grounding are 
based on establishing a low-resistance contact with the earth at the point of earth 
contact they can be combined. In many surface installations where cathodic protec- 
tion is used, the anode beds or individual anodes are used as grounding mediums for 
the protective grounding system. When copper rods or cables are employed as ground- 
ing mediums owing to the position of copper with respect to iron in the electro- 
motive series, the copper will receive cathodic protection at the expense of any 
iron or lead grounded to it. A system where considerable copper is used as a 
grounding medium is also difficult to bring under cathodic protection because 
copper tends to collect the current. In such instances, grounding rods of a dif- 
ferent metal, such as iron or zinc, for which cathodic protection is provided, 
would be advisable. 


CONCLUSIONS 


1. Loss of metal and damage to buried metal structures because of corrosive 
action is, to a large extent, determined by the soil resistivity in the immediate 
vicinity of the structure. The intensity of corrosive action is inversely propor- 
tional to the soil resistivity; that is, corrosive action will increase as the 
soil resistivity is lowered. 


2. Moisture is one of the main factors that affect soil resistivity. It also 
affects the resistivity with respect to earth of grounding mediums, If the moisture 
content of the soil surrounding a grounding medium varies seasonably, it will tend 
to make the resistivity with respect to earth of that medium fluctuate. 


3. Multiple grounding rods or integration of two or more grounding mediums 
is desirable to reduce resistivity fluctuations and provide lower ohmic values. 


4. Integration of all metal structures and provision of a good power return 
for direct-current systems will tend to minimize circulating currents and reduce 
damage to equipment. Where circulating currents should be eliminated, insulating 
couplings can be used to advantage. 


5. Cathodic protection can be used to mitigate corrosion of buried structures 
or provide spot protection from corrosive action for surface structures. Such pro- 
tection can (in many instances) be used with a well-designed protective grounding 
system. 


6. Corroston-prevention programs using cathodic-protection principles can be 
used advantageously in many mining installations. On the other hand, cathodic- 
protection systems requiring heavy currents would not be desirable in mines where 
explosion or other hazards would be introduced if ground circulating currents are 
introduced. 
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APPENDIX 


TABLE 1. - Well derricks 


Type Resistance to 
of a via uy 
Well number Location soil |Activit Remarks 


Taylor No, 13 | River bottom| Sandy] Pumping i. * 7 ee Derrick grounded, Leg 


tested, 

Edison No, 21 do, =" 2 No ground wire. Derrick 
connected to casing by 
flow pipe. 

Taylor No, 26 ; do, Derrick grounded, Leg 
tested, 

Do. do, Conduit for ground wire 
tested, 

Taylor No, 30 : do, Derrick grounded, Leg 
tested, 

Edison No, 53 Flowing ba No ground wire, but der- 


rick connected to cas- 
ing by a tiedown to 
water in cellar. 

Derrick grounded, Leg 
tested 


Taylor No, 16 | Hill 


/ Readings taken Mar, 16, 1950. 

/ Readings taken Aug. 23, 1950. 

/ Ground wire with conduit was installed after test of Mar, 16, 1950, 
/ Derrick removed - no comparison possible, 


TABLE 2, - Tank trap farms 


Type Resistance to ground, 
of Number and Number or 
Farm Location soil size of yanks of wells| Al/ | Bsé 


Taylor No, 7] River bottom| Sandy for each 
tank, 
Taylor No, 9 30 Dirty D 
tank, 
Do. 30 Test 2 
northside, 
Taylor No, 18 32 Dirty oil 
northside, 
Do. 32 Test 2 
northside, 
Taylor No, 6 32 Test 2 
west, 
Do, 32 Test 1 
east, 


1/ Readings taken Mar. 16, 1950, 
2/ Readings taken Aug. 23, 1950. 
3/ Tanks were rebuilt since previous test, 
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TABLE 3, - Well derricks 
(Sandy soil, slightly moist condition, flowing well) 


Resistance to | 
ground, ohms 
Location | Part tested ? | Bs/ Remarks 


6-16Q Derrick floor 19.00 | No ground wire, No connection to well cas- 
girder ing. Metal safety line and conduit ran 
into ground, | 
6-16Q Conduit Do, 
6-16Q Flow line On well side of insulated coupling, 
6-16Q do, On tank side of insulated coupling. 
6-16Q 1 Flange bolt In insulated coupling in flow line, 
6-16Q 7 Flange bolts Do, 
65=-30-J Derrick floor No ground wire, No connection to casing, 
girder3/ 4 guy wires in place, 
65-30-J Gas-lift line Insulated couplings nullified by bypass in 
gas-lift line. 
65-30-J Waterline Not connected to derrick or casing. 
7 2-30-J Derrick floor No ground wire. No connection to casing. 
girder 8 guy wires. 
72-30-J Gas-lift line On well side of insulated coupling. 
7 2-30-J On feed side of insulated coupling. 
72-30-J On well side of insulated coupling. 
7 2-30-J do, On tank side of insulated coupling. 
7 2-30-J Coupling bolts Insulated coupling gas-lift line. 
7 2230-3 do, Insulated coupling for flow Line, 
74-30-54/ Derrick floor No ground wire. Poor connection between 
‘| girder derrick and casing. §8 guy wires in 
place, 
74-30-J Gas-lift line Well side of insulated coupling. 
74-30-J do, Feed side of insulated coupling. 
74-30-J Flow line Well side of insulated coupling. 
74-30-J do, * Tank side of insulated coupling, 
74-30-J Support pipe Bolted to derrick leg. 
for flow line 
74-30-J Waterline Not connected to derrick or flow line, 


1/ Readings taken Apr. 19, 1950. 
2/ Readings taken Aug. 29, 1950. 
3/ Water pipe dropped down on derrick girder, 
4/ Well was being deepened at time of recheck, 
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TABLE 4. - Tank settings 30 J., Tank 5014 - 16 Q., Tank 5003 
Tank 5014 


This tank was one of two 5,000=-barrel tanks connected with a common header. Tanks 
rested on timber mats about 8 or 9 inches thick; sandy soil, slightly moist. 


Tank 5014 contained magnesium blocks separated from tank bottom. An insulated 
copper wire ran from each magnesium block through a hollow tank bolt to the outside 
where it was bonded to the tank. Total of 12 wires came from the magnesium blocks 
to the outside. No ground wire. 


Readings: Resistance to ground, ohms 
all Bz 


Tank bolt at outlet wire 0.5 4.00 
Tank header pipe 5 4.00 
Water pipe about 4 inches from header 25 4.00 


Tank 5003 


This tank was one of two 5,000-barrel tanks connected with a common header. Tanks 
rested on timber mats 2 or 3 inches thick, sandy soil, slightly moist. 


Tank 5003 contained magnesium blocks bonded together and to inside of tank. No 
ground wires. 


Reading: Resistance to ground, ohm 
aL/ n2/ 
Tank 0.25 1.00 


1/ Readings taken Apr. 19, 1950. 
2/ Readings taken Aug. 29, 1950. 
TABLE 5. - Repaire-crew shop 


Main service grounding system. Consists of a bonding system for transformer, 
switchboxes, and meterbox. Grounded at meterbox by a copper wire to a copper- 
coated rod driven 8 feet into gray sandstone. Very little topsoil. 


Resistance to ground, ohms 


aL/ B2/ 

Entire grounding system 0.25 0.25 

Bare ground wire in meter box connected 025 025 
to grounding rod in sandstone 

Bare ground wire in meter box discon- 025 025 
nected from grounding rod in sandstone 

Grounding rod only, disconnected from 17.50 15.00 
rest of system 

Water hydrant, nearby but not connected 25 025 


to grounding system 


1/ Readings taken Mar. 16, 1950. 
2/ Readings taken Aug. 23, 1950. 
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TABLE 6. - Emulsion heating plant 26-Q 
(Sandy soil, slightly moist, condition) 


Number ground, ohm 
Equipment and size AL Be Remarks 


Boiler used as 
heat converter: 
Rectifier on 1 
Rectifier off 1 
Tank setting: 
Tank 2006 4 1,000 bbl. 


Boiler. 


Tanks seated on mat of crossed 2 
inch plank. No ground wires. 
Common header to wells. No in- 
sulated coupling. 

Tanks seated on mat of crossed 2 
inch plank. No ground wires. 
Common header to wells. No in- 
sulated coupling. 

Intake line from tanks above, at 


pumphouse. 


Header pipe at 4 1,000 bbl. 


Booster pump 


Do. Taken at booster pump. 
Do. Waterline to pump. 
Gas trap Waterline to gas trap. 


l/ Readings taken Mar. 16, 1950. 
2/ Readings taken Aug. 23, 1950. 


TABLE 7. = Well derricks 


Resistance to 


Well Activit ru Part tested 
Lloyd No. 92 Derrick leg. 
Oil-flow line. 
Waterline at valve. 
Derrick leg. 

Do. 


McGonigle No. 6 
Lloyd No. 144 


Wooden derrick. 

Tested piping. 

Casing ground broken off. 

Derrick leg tested. 

Ground wire replaced on 
second visit. 

Derrick leg. 


Lloyd No. 8 


Hartman No. 19 


Hartman No. 16 


Do. Waterline after discon- 
necting from grounding 
system. 

Do. Driven ground pipe after 


disconnecting from 
prounding system. 


1/ Readings taken Mar. 15, 1950. 
2/ Readings taken Aug. 23, 1950. 
3/ After first test, ground wire was disconnected Sept. 24, 1950. 
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TABLE 8. - Flow tanks 


Tank 


Lloyd No, 92. Hill 
V.L. & W. No. 6 do, 


Do, Canyon 
Do, do, 
Lloyd No, 5 Canyon 
Do, do, 


Hartman No, 19 Hill 


Type Number | Resistance to 
of tanks yround, ohms 
Location soil jand sizes A B 


Part tested 


Grounding system, 
Do, 
Do. 

Grounding pipe after dis- 
connecting from ground- 
ing system, 

Grounding system, 

Ground pipe after dis- 
connecting from ground- 
ing system, 

Grounding system, 


TABLE 9, - Well derricks 


(Sandy soil, dry condition, pumping) 


Resistance to ground, ohms 


Well number 
5-1-C 


5-1-C 
14-C-12 


14-C-12 
14-C-12 
I-14C 


I-14C 


14-Sec ,.25C 


Over 1,250.00 


1/ Readings taken Apr, 20, 1950. 
2/ + Readings taken Aug. 29, 1950, 
3/ Abandoned, 
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Remarks 

Steel derrick connected to well casing by 
steel walking beam and samson post. En- 
tire grounding system tested, 

Derrick beam near ground rod, 

Wood derrick. No connection to casing. 
No ground wire for equipment. Motor 
frame tested, 

Steel base for motor tested. 

Waterline outside derrick, 

Wood derrick. Switches and equipment 
bonded and grounded to rod driven into 
ground, No connection to well casing. 
Complete grounding system tested. 

Ground rod only after being disconnected 
from rest of systen, 

Wood derrick, Switches and equipment 
bonded and grounded to rod driven into 
ground, No connection to well casing. 
Complete grounding system tested, 

Ground rod only after having been discon- 
nected from rest of system 
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